Background: LTC4 synthase is essential for the production of cysteinyl leukotrienes (Cys-LT), critical mediators in asthma. We have identified a novel promoter polymorphism at position -1072 (G/A) and a -444 (A/C) polymorphism has previously been reported. The role of these polymorphisms in the genetic susceptibility to asthma was examined. Methods: To test for genetic association with asthma phenotypes, 341 white families (two asthmatic siblings) and 184 non-asthmatic control subjects were genotyped. Genetic association was assessed using case control and transmission disequilibrium test (TDT) analyses. LTC4S promoter luciferase constructs and transiently transfected human HeLa and KU812F cells were generated to determine the functional role of these polymorphisms on basal transcription. Results: No associations were observed in case control analyses (-1072 A, q=0.09; -444 C, q=0.29); the TDT identified a borderline association between the -444 C allele and bronchial responsiveness to methacholine (p=0.065). Asthmatic children with the -444 C allele had a lower mean basal forced expiratory volume in 1 second (97.4 v 92.7% predicted, p=0.005). LTC4S promoter luciferase analyses provided no evidence for a functional role of either polymorphism in determining basal transcription. Conclusion: This study does not support a role for these polymorphisms in genetic susceptibility to asthma but provides evidence to suggest a role in determining lung function parameters.
C ysteinyl leukotrienes (Cys-LTs) are critical mediators of airway narrowing and eosinophilia in bronchial asthma. 1 They are generated by the sequential action of a series of enzymes that constitute the 5-lipoxygenase pathway. Under the action of cytosolic phospholipase A 2 , 5-lipoxygenase (5-LO) and 5-lipoxygenase activating protein (FLAP), membrane phospholipids release arachidonic acid which is converted to the unstable intermediate LTA4. By the action of the terminal enzyme, LTC4 synthase, LTA4 is conjugated with glutathione to form LTC4, the first member of the family of cysteinyl leukotrienes which also includes the extracellular metabolites LTD4 and LTE4.
Following the cloning of the cDNA from a COS cell/KG-1 DNA library 2 and a THP-1 cell library, 3 LTC4 synthase was found to have a 450 bp open reading frame (ORF) with a deduced composition of 150 amino acids including two consensus protein kinase C (PKC) phosphorylation sites and an N-glycosylation site. LTC4 synthase is an 18 kDa integral membrane protein with a cellular distribution including eosinophils, basophils, mast cells, platelets, and monocytes.
The human LTC4 synthase gene (LTC4S) consists of five exons of 71-257 bp and four introns. The gene spans 2.51 kb and has been mapped to chromosome 5q35. 4 5 5′ extension analysis of KG-1 mRNA revealed three putative transcription initiation sites at positions -96, -69, and -66 relative to the initiation codon and, in the monocytic cell line THP-1, a single transcription initiation site was identified at position -78. 5 Recently, there has been extensive interest in the elucidation of transcriptional regulation of this gene and multiple transcription factors have been reported to have a critical role, including the Inr (initiator like), Sp1, Sp3 and Kruppel-like transcription factors. 6 7 LTC4S is a particularly strong candidate gene for a specific subgroup of patients with aspirin intolerant asthma (AIA).
These patients experience Cys-LT dependent adverse respiratory reactions to aspirin and other cyclooxygenase (COX) inhibitors, and these are superimposed upon chronically increased Cys-LT production associated with persistent severe asthma. 8 A fivefold overexpression of LTC4 synthase in bronchial biopsy specimens of patients with AIA compared with aspirin tolerant asthmatic (ATA) patients has been demonstrated, with no significant differences in other enzymes involved in the biosynthesis of Cys-LTs. 9 A -444 A/C polymorphism was identified in the LTC4 synthase gene promoter region and was predicted to create an extra recognition site for the AP-2 transcription factor and lead to increased gene transcription. 10 The presence of the C allele was identified as a risk factor for AIA patients compared with ATA or normal subjects (odds ratio 3.89). 10 The role of the LTC4S promoter polymorphisms in AIA and ATA is unclear, with several studies indicating a functional role for the polymorphism in AIA 11 12 while others question the significance of this polymorphism. 13 14 In a preliminary study we examined the role of the -444 polymorphism in a small group of patients with severe persistent asthma and normal controls. 15 The C allele was found to be more prevalent in patients with severe asthma than in normal subjects (p=0.04), and the presence of the C allele resulted in an approximate threefold increase in LTC4 production in isolated blood eosinophils stimulated with calcium ionophore (A23187) in the presence of indomethacin (p=0.04). The polymorphism was predictive of lung function response to treatment for 2 weeks with the Cys-LT receptor antagonist zafirlukast. 15 We hypothesised that LTC4S polymorphisms may make subjects susceptible to asthma and/or predict asthma severity, irrespective of aspirin intolerance, based on putative upregulation of LTC4 synthase activity within eosinophils and other leucocytes in the airways.
To test this hypothesis we have identified a novel polymorphism in the LTC4S promoter, completed a large scale association study for asthma (irrespective of aspirin tolerance) and atopy phenotypes, and determined the functionality of the polymorphisms in basal transcription.
METHODS

Subjects and clinical assessment
Three hundred and forty one white families were recruited from the Southampton area with at least two biological siblings (age 5-21 years) with a current physician diagnosis of asthma who were taking asthma medication on a regular basis. Serum total IgE levels and specific IgE levels for grass, house dust mite, cat, dog, Alternaria and tree allergens were determined by RAST. Skin prick testing was also completed for the same common allergens. At least 14 days after any respiratory tract infection, bronchodilator or antiallergic medication, baseline lung function tests (forced expiratory volume in 1 second (FEV 1 ), best of three values within 5%) were performed using a Vitalograph dry wedge bellows spirometer. Bronchial responsiveness (BHR) was measured as the concentration of inhaled methacholine required to reduce FEV 1 by 20% (PC 20 FEV 1 ). Methacholine dilutions (0-16 mg/ ml) were given at 5 minute intervals by DeVilbiss nebuliser with a KoKo dosimeter (PDS Instruments Inc, Louisville, CA, USA).
An asthmatic sibling cohort (sibling cohort 1, n=341) of mean (SD) age 13.0 (3.4) years, defined by doctor diagnosis, current medication and questionnaire (see section on transmission disequilibrium test below for stringent definition of asthma), was used to explore the association with asthma phenotypes using conventional statistical analysis. Two further cohorts, one paediatric (sibling cohort 2) of mean (SD) age 9.9 (3.1) years, composed of the full siblings of sibling cohort 1, again with the stringent definition of asthma (n=338), and an adult cohort composed of doctor diagnosed asthmatic parents of mean (SD) age 40.2 (5.2) years (n=189) were used as additional study groups. Non-asthmatic controls of mean (SD) age 42.3 (10.6) years with no family history of respiratory disease were recruited from the same Southampton area as the main study (n=184). DNA was extracted from 10 ml whole blood using a Genomic DNA Maxi-Prep kit (Qiagen, Crawley, UK). Ethical approval was obtained from the Southampton and South West Hampshire joint ethics committee.
Molecular methods
Using genomic DNA extracted from 30 asthmatic subjects, a ∼1.4 kb fragment of the LTC4S promoter (corresponding to -1430 to +116) was generated by polymerase chain reaction (PCR). Jumpstart Taq (0.025 U/µl; Sigma-Aldrich, Poole, UK) was used for amplification of genomic DNA template (100 ng) in the presence of standard PCR buffer, 2 mM MgCl 2 , 0.2 µM each primer (forward 5′-CAGCTGGGGCATATCTGGTTT-3′, reverse 5′-CAGAGGGCAAGCTGTAGGG AT-3′), 0.2 mM dNTPs (including fluorescent dCTP (R110) (ABI-Perkin Elmer, Warrington, UK) 1:100 ratio of unlabelled dCTP) to give a final reaction volume of 100 µl. Thermal cycling included a single soak at 96°C for 10 minutes followed by 35 cycles at 94°C for 30 seconds, 63°C for 45 seconds, 72°C for 2 minutes, and finally a 72°C soak for 7 minutes using a PTC-225 DNA Engine tetrad (MJ Research Inc, Waltham, MA, USA). PCR products were scanned for the presence of polymorphisms using solid phase chemical cleavage, essentially as described. 16 Positive cleavage samples were sequenced using Big Dye Terminator sequencing (Applied Biosystems).
The -444 A/C polymorphism was genotyped using MspI RFLP-MADGE as described previously. 17 The -1072 G/A polymorphism was genotyped using the oligonucleotide ligation assay (OLA) essentially as described. 18 Briefly, the same PCR amplicon encompassing the -1072 region used for mutation detection was generated by PCR. HeLa or KU812F cells (in 10 ml fresh media) were seeded into a 10 cm petri dish and grown for 24 hours. Total RNA was isolated using Trizol reagent (Life Technologies, Paisley, UK) as directed by the manufacturer and resuspended in 20 µl DEPC treated water. cDNA was generated using the Omniscript reverse transcription kit (Qiagen) as directed by the manufacturer using 2 µg RNA template.
GAPDH was used as a housekeeping gene PCR control, PCR included 2 µl cDNA template (from the 20 µl RT-PCR reaction), Jumpstart Taq (0.025 U/µl), standard PCR buffer, 1 mM MgCl 2 , 0.6 µM each primer (forward 5′-GCTTGTCA TCAATGGAAATCC-3′, reverse 5′-AGGGATGCTGTTCTGGAGA G-3′), and 0.2 mM dNTPs to give a final reaction volume of 25 µl. Thermal cycling included a single soak at 96°C for 5 minutes followed by 30 cycles of 94°C for 30 seconds, 57°C for 30 seconds, 72°C for 30 seconds, and finally a 72°C soak for 7 minutes. The GAPDH PCR generated a 427 bp control fragment. LTC4S PCR used 2 µl cDNA template (from the 20 µl RT-PCR reaction), Jumpstart Taq (0.025 U/µl), standard PCR buffer, 1.5 mM MgCl 2 , 0.2 µM each primer (forward 5′-CTGTGCGGCCTGGTCTACCTG-3′, reverse 5′-GGGAGGAAGT GGGCGAGCAG-3′), 0.2 mM dNTPs to give a final reaction volume of 25 µl. Thermal cycling included a single soak at 96°C for 5 minutes followed by 30 cycles of 94°C for 30 seconds, 64°C for 30 seconds, 72°C for 30 seconds, and finally a 72°C soak for 7 minutes. The LTC4S PCR generated a fragment of 155 bp; all fragments were visualised using ethidium bromide on a 2% agarose gel.
1.3 kb fragments of the LTC4S promoter corresponding to -1359 to -55 were generated by PCR using primers that engineered MluI and BglII restriction sites at the 5′ and 3′ of the product, respectively (forward, 5′-CAGT(CCCGGG) (ACGCGT)CCAACAGGCTCCGAGCCTCAG-3′; reverse, 5′-CAGT(CTCGAG)(AGATCT)AGCCCCGTCTGCTGCTCAGAG-3′). PCR involved 5 U AccuTaq (Sigma), standard PCR buffer, 2% DMSO, 1.5 mM MgCl 2 , 0.2 mM dNTPs, 280 ng genomic DNA template in 100 µl heated to 96°C for 30 seconds followed by 30 cycles of 94°C for 30 seconds, 65°C for 30 seconds, 68°C for 2 minutes, and finally a 68°C soak for 10 minutes. DNA previously sequenced was used to generate G-C, G-A and A-A haplotypes. PCR product was cloned into the pGL3 basic vector (Promega, Southampton, UK) using established molecular techniques. The A-C haplotype was engineered by replacing the "-444 A allele ApaI/NheI cassette" from the A-A construct with the C allele cassette from the G-C construct.
Promoter database analysis
Allele specific transcription factor binding sites were identified using BioInformatics and Molecular Analysis Section (http://bimas.cit.nih.gov/molbio/signal/) and TFSearch (http://pdap1.trc.rwcp.or.jp/research/db/TFSEARCH.html).
Cell culture, transfection, and dual luciferase assay HeLa cells and KU812F cells were maintained as directed by ATCC. Cells were grown to 50-60% confluency, harvested, washed with D-PBS, and resuspended at a density of 10 7 cells/ml in ice cold D-PBS. A water, pGL3basic (-) negative and pGL3-SV40 positive control was included. 10 µg pGL3 construct and 0.2 µg pRL-SV40 was combined with 0.8 ml cells. Cells were transiently transfected using electroporation (single pulse 300V, 500 µF) using a GenePulser (Biorad, Hemel Hempstead, UK). Each transfection was resuspended in 10 ml of the appropriate media and grown for 24 hours. Cells were harvested and luciferase activity determined using the dual luciferase assay (DLA; Promega) as described by the manufacturer using a dual injector Lucy 1 luminometer (LabTech, Andover, MA, USA). Luciferase activity was measured in triplicate and the mean value was used for analysis. Transfection efficiencies were normalised using co-transfection of pRL-SV40 and Renilla luciferase activity.
Transmission disequilibrium test/case control Genetic association of the LTC4S polymorphisms with asthma and atopy phenotypes was evaluated using the transmission/ disequilibrium test 19 and case control analyses. This was implemented using STATA 6.0 (Stata Corporation, Texas, USA) and a TDT program written in STATA by David Clayton (MRC Biostatistics Unit, Cambridge). Results which showed a significance of 10% or less were repeated on TDT/STDT Program 1.1 (http://spielman07.med.upenn.edu/ TDT.htm). Only the TDT section of this program was used as the data were presented as trios. Analysis was completed for the phenotypes: CRF asthma (Complete Report Form, positive questionnaire: "Have you ever had asthma?", "Was this confirmed by a doctor?" and "Have you used any medicines to treat asthma, or any breathing problems, at any time in the last 12 months?"), total IgE, specific IgE, bronchial hyperresponsiveness to methacholine (PC 20 ), mean skin prick test (>3 mm) and atopy (defined by positive total IgE and/or specific IgE and/or mean skin prick test). Total IgE values were dichotomised using age related cut off values according to UK NEQAS, specific IgE >0.35 IU was classified as positive, and PC 20 was dichotomised using ATS criteria. PC 20 (mg/ml methacholine) was analysed for <4 mg/ml and <16 mg/ml. 20 Both STATA and TDT/STDT Program 1.1 analysis used the first affected sibling where genotype data were available; p values of <0.05 were considered significant. Case control was completed using the χ 2 test to compare allele and genotype frequencies between CRF asthma groups and non-asthmatic control subjects with p values of <0.05 being considered significant.
Generation of phenotypic scores for genotypephenotype analysis
Bronchial hyperresponsiveness (1/(least squares slope + 30))
To overcome the "censored" PC 20 value, the least squares slope developed by Chinn et al 21 to describe bronchial provocation data was used and an arbitrary constant of 30 added to avoid negative values.
Symptom score
Each family member completed a detailed questionnaire on asthma, atopy, and daily life events based on the MRC, ATS, IUALT and ISAAC questionnaires. The questionnaire was sent to a random selection of experienced professionals in the field of asthma and allergy to evaluate the questions as indicators of severity. These responses were formulated into a symptom severity score and a mean rank for each question was calculated. The reciprocal of the mean rank was taken to enable the "score" of 10 to reflect the most important. A score of 10 (arbitrary) was given to the highest reciprocal.
Treatment score
Medications used by subjects in the 12 months before the study were assigned a value according to the BTS guidelines. 22 Inhaled steroids were converted to beclomethasone dipropionate equivalents-that is, fluticasone propionate dose was multiplied by two as it is twice as potent as beclomethasone.
The following values were assigned: 1 = β 2 agonists (short acting); 2 = low dose inhaled steroids (<800 µg), cromoglycates; 3 = high dose inhaled steroids (>800 µg); 4 = β 2 agonists (long acting), theophyllines, ipratropium bromide; 5 = oral steroids. This step up treatment approach enabled us to weight medications used by subjects accordingly and thereby reflect the severity of their asthma.
Atopy
Atopy was defined as either a positive skin prick test (>3 mm) or a raised specific IgE (>0.35 IU) to one or more common allergens.
Total IgE
Total IgE was adjusted for age using the number of SD away from the median for each age group. This value was then transformed using the natural logarithm to improve uniformity of variance. 
ATG +1
Atopy severity score An atopy severity score was computed using the first principal component of the mean wheal diameters of each allergen to measure the magnitude of skin prick response, and the number of positive responses determined the range of the response. Specific IgE data were transformed in an analogous manner. The first principle component of these four quantities was then calculated to generate an atopy severity score.
Data analyses
All generated variables in the genotype-phenotype analysis were considered to have a normal distribution so genotype groups were compared by ANOVA (homozygote WT v heterozygote v homozygote mutant) and a two sample t test (homozygous WT v heterzygote/homozygote mutant). In addition to the asthmatic cohorts described, subgroups within these cohorts were explored including asthma with and without atopy.
Differences in the mean normalised luciferase activity for different LTC4S constructs were compared by ANOVA and t test. All figures represent mean (SE) values. Statistical analyses were completed using SPSS version 10 (SPSS Inc, Chicago, USA), a p value of <0.05 being considered significant.
RESULTS
Polymorphism within the LTC4S promoter Mutation scanning of 1.4 kb of the LTC4S promoter confirmed the single nucleotide polymorphism at position -444 involving an A-C substitution 10 and identified a novel G-A substitution at position -1072 (fig 1) . The -444 C allele was relatively abundant in the white population (q = 0.29) whereas the -1072 A variant allele had a lower frequency (q = 0.09). Allele frequencies did not differ significantly from Hardy-Weinberg equilibrium assessed using χ 2 analysis (table 1) . Haplotype frequencies were determined in multiple cohorts and were found to be -1072G to -444 A 0.60, G-C 0.31, A-A 0.09, and A-C 0.000001; no individuals were found with the A-C haplotype in this population. The haplotype frequencies obtained indicate that the frequency of the A-C haplotype is 1 in a population of 100 000 so we are unlikely to observe an A-C haplotype in our population.
Genetic association studies
Polymorphisms were genotyped in 341 white asthmatic families and 184 non-asthmatic control subjects from the Southampton area (table 2) . Table 3 illustrates the allele/genotype case control analyses. No significant association was observed for either the -1072 or -444 alleles or genotypes with CRF asthma. Haplotype analysis using intermediate phenotypes in the first and second affected siblings and the control population did not identify any specific haplotype as constituting a susceptibility marker for asthma (data not shown).
The transmission disequilibrium test (TDT) was used to evaluate transmission of alleles within each family (table 4) . The -444 polymorphism suggested an association with PC 20 4 mg/ml (p=0.065). No other significant association was observed in the analyses for either the -1072 or -444 polymorphism.
Genotype-phenotype correlations
In sibling cohort 1 a correlation between BHR and the -444 genotype was observed (p=0.026, ANOVA, n=300) resulting from the differences between the AC (mean 12.94) and CC (mean = 18.37) groups (CI -10.909 to -0.225), (AA = 15.28).
Comparison of AA and AC/CC groups for the same phenotype did not identify a significant correlation with the presence of the C allele. A second correlation was observed between FEV 1 and the -444 genotype (p=0.012, ANOVA, n=317) resulting from the differences between AA and AC groups (CI -9.27 to -0.99). A comparison of AA and AC/CC groups maintained the significance of the correlation with FEV 1 (p=0.005, t test; AA = 97.37% predicted, AC/CC = 92.73% predicted, n=317). Selection of an atopic asthmatic group from sibling cohort 1 did not maintain the correlation between the -444 genotype and BHR (p=0.07, ANOVA, n=231) but maintained the -444 correlation with FEV 1 (p=0.025, ANOVA (CI -9.97 to -0.62), n=247). In non-atopic asthmatic subjects neither correlation was maintained. Further analysis of the -444 polymorphism in sibling cohort 1 with other phenotypes did not identify any significant correlation. Analysis of the -1072 polymorphism did not identify any significant genotype-phenotype correlation in this cohort (data not shown). Analyses using sibling cohort 2 (n=338) and the adult asthmatic cohorts (n=189) with or without atopy did not identify any significant correlation between the presence of the -444 or -1072 alleles and the phenotypes described in table 2 (data not shown). Involvement of Cys-LT in inflammatory disease is not thought to be associated exclusively with atopy, and caution was therefore exercised when atopy was used as a variable due to a potential confounding influence.
Luciferase reporter assays
The potential functional role of LTC4S polymorphisms in transcription was explored using promoter analysis software (see methods). The LTC4S -444 A to C substitution is predicted to generate an H4TF-2 transcription factor binding site (GGTCC) and remove a glucocorticoid response element (GRE) (GGGACA), an NF-Elc (nnnnnTGATAnnnnn), and an NF-E site (CTGTC) (Transfac/TFD). The -1072 G to A polymorphism is predicted to generate an additional LF-A1 (GGGCA) and alpha-INF-2 (AARKGA) site. Before promoter reporter studies the HeLa and KU812F cell lines were analysed for the presence of LTC4S mRNA using RT-PCR ( fig 2B) . A positive signal (155 bp) was observed for the KU812F cell line. Promoter fragments containing different haplotypes were constructed and cloned into the pGL3 basic luciferase vector (fig 2A) ; the A-C haplotype was engineered using standard molecular biology techniques due to the low abundance of this haplotype in the white population. Figure 2C summarises the data for the HeLa transfections (n=8). Cells were readily transfected using electroporation resulting in >200 relative light units (RLU) over background for the pGL3 SV40 control vector (background, pGL3 basic vector with no insert). For LTC4S constructs, values of more than fourfold over background were typically observed; these data were normalised relative to the wild type G-A haplotype (designated 100%). No statistical differences in basal LTC4S transcriptional activity (mean range 100-109.8%) were identified for the different haplotypes. Figure 2D summarises the data from the KU812F transfections (n=8); the pGL3 SV40 control value was typically ∼40 RLU. The LTC4S constructs gave RLU more than sevenfold over background; data were normalised to the wild type construct (G-A, designated 100%). As in the HeLa study, there was no statistical difference in basal transcription between constructs (range 91-104%).
DISCUSSION
This is the most comprehensive investigation to date of the role of LTC4S promoter polymorphism in asthma susceptibility in a white population. We have identified a novel polymorphism in the LTC4S promoter (-1072G/A) in addition to a previously identified polymorphism (-444 A/C). A borderline association between the -444 C allele and BHR to methacholine (>4 mg/ml) was observed using TDT analysis. Using case control analyses, neither the -1072 nor -444 promoter polymorphisms constituted risk factors for the development of asthma. Functional analysis using in vitro reporter assay did not identify a role for these polymorphisms in determining basal LTC4S transcription levels.
The potential significance of LTC4 synthase as a regulator of the production of Cys-LTs in inflammatory disease was identified by an investigation of patients with AIA who constitute approximately 10% of asthmatic individuals. In the current study we used a comprehensive approach to clarify the role of LTC4S promoter polymorphism in asthma irrespective of aspirin tolerance. Case control analysis did not identify a statistical difference in the -444 C allele frequency between the control population and any asthmatic cohort (table 3). The case control findings for -444 polymorphism agree with studies in other populations including a Dutch population (asthmatic, q=0.28, non-asthmatic, q=0.32) 14 and an American population (AIA, q=0.27; ATA, q=0.27, non-asthmatic, q=0.33). 13 In our previous pilot study we identified a significant difference in the -444 C allele frequency between non-asthmatic controls (q=0.19, n=31) and severe asthmatics (q=0.28, n=23; p=0.04). 15 The data generated in the current study based on a significantly greater number of chromosomes suggest that this initial finding may be due to the low number of chromosomes examined. Case control analysis of the -1072G/A polymorphism did not identify the A allele as a risk factor for the development of asthma; however, the 9% frequency observed for this polymorphism in the white population is low and may limit the power to detect a genetic association (table 3) . Using the TDT, an association was observed between the -444 C allele and BHR (PC 20 4 mg/ml) (p=0.065). This value is of borderline significance and may represent spurious results, although polymorphism within the LTC4S gene may potentially be predicted to alter lung function parameters. No significant association between the -444 polymorphism and BHR was reported in a study in a Dutch population. 14 The role of the LTC4S polymorphisms in determining asthma and atopy related scores was examined using conventional statistical analysis. Analysis of BHR in the sibling 1 cohort stratified by -444 genotype identified a significant difference between genotype groups. The finding that the wild type AA genotype group had a mean value of 15.28-intermediate to the two variant containing groups-and that the BHR was less severe in the presence of the variant allele does not agree with the original hypothesis. The absence of a significant difference between the AA and AC/CC groups, the lack of expected correlation of severity with genotype frequency as shown recently in the positive association of GSTP1 genotypes with BHR, 23 and the borderline significance (p=0.026) question this finding. However, the association between the -444 polymorphism and BHR identified in the TDT analyses suggests that the current finding deserves further investigation.
A significant correlation between reduced basal FEV 1 and the presence of the -444 C allele was identified in the sibling 1 cohort (p=0.005). Further analysis suggested that the significant difference was due to differences between the AA and AC groups. Birth order has been implicated in allergic disease, 24 which could possibly explain differences between the findings in the different sibling groups. However, the negative correlation in the adult cohort suggests that the initial finding may be unique to the individual paediatric cohort. This was explored further by comparing the asthma and atopy scores in the two sibling cohorts; no evidence for the uniqueness of the sibling 1 cohort was identified. The absence of a "dose effect" for the C allele make the significance of this finding difficult to interpret, unless a dominant mechanism was involved. This seems unlikely due to the location of the polymorphism in the gene-that is, if the polymorphism was functional in determining transcription levels. One potential explanation for the positive association observed in the first affected sibling cohort with reduced basal FEV 1 is the mean age of 13 years compared with 9.9 years in the second sibling cohort. The extent to which asthma is established will be dependent on age, so this may at least partly explain the differences between siblings. An examination of the effect of the -1072 genotype in determining asthma related phenotypes failed to support a role for this polymorphism in any analyses. One finding that has emerged from case control studies of the role of the -444 polymorphism in AIA is that the asthma severity of the population has a dramatic effect on the outcome of an association study, with more severe asthmatics showing a positive association between the -444 C allele and AIA. 12 This was explored by selecting individuals of different asthma severity and testing for genotype-phenotype correlations but no further useful data were generated, which suggests that in our population asthma severity cannot explain the different associations observed.
The functional role of these LTC4S polymorphisms is uncertain, but both could potentially alter transcription factor binding (fig 1) . RT-PCR analysis confirmed the presence of LTC4S mRNA in the human basophilic KU812F cell line but not in the HeLa epithelial cell line. This is in agreement with a recent study, 7 although it has previously been shown that HeLa cells contain all the transcriptional machinery required for LTC4S transcription. 25 Data generated in promoter reporter assays in the HeLa and KU812F cell lines show that no statistical difference in transcriptional activity results from the presence or absence of specific -444 and -1072 polymorphisms under basal conditions (fig 2) . These data are supported by the finding that neither the -444 nor the -1072 polymorphisms are located in regions that have been reported to be critical for basal LTC4S transcription (fig 1) . A recent analysis using a 550 bp fragment of the LTC4S promoter containing the -444 A or C alleles in the human monocytic cell line THP-1 also did not identify a role for the -444 polymorphism 13 ; however, Szczeklik and co-workers recently reported a functional role for the -444 polymorphism. 26 In the latter study a 300 bp fragment of the LTC4S promoter containing the -444 polymorphism was cloned into a eukaryotic expression vector (pcDNA2.1) containing a truncated CMV promoter and β-Gal gene. On the basis of two experiments the authors concluded that the -444 C allele resulted in a 25% increase in transcriptional activity compared with the A allele. 11 The data presented in the current study for the human epithelial and basophilic cell lines, combined with data from the human monocytic cell line, 13 provide strong evidence that, at the basal level, the -444 polymorphism does not alter LTC4S transcription. Both studies used established promoter reporter techniques and based their conclusions on at least seven experimental replicates. Further support for these conclusions comes from the finding that LTC4S mRNA levels from peripheral blood eosinophils isolated from asthmatic individuals with -444 A or C alleles showed no differences in abundance under basal conditions. 12 Because of the novel nature of the -1072 polymorphism, this study is the first report of the functional role of this polymorphism; our results indicate that at the basal level it is not functional in either epithelial or basophilic cell lines.
We have previously postulated a functional role for the -444 C allele. 15 The findings of this pilot study and others 12 25 27 suggest that it might be productive to examine the functional role of LTC4S promoter polymorphism haplotypes under different "micro-environment" conditions including the presence/ absence of different cytokines and growth factors. In addition, post transcriptional mechanisms regulating LTC4S activity are likely to be of importance in Cys-LT production. [28] [29] [30] In conclusion, we have identified a novel LTC4S promoter polymorphism at position -1072 and have completed a comprehensive analysis of the role of this and a previously reported polymorphism (-444) in the genetic susceptibility to asthma and atopic disease. Several approaches were used including genetic association analysis and conventional genotype-phenotype analysis and evidence to suggest a role for the -444 polymorphism in determining lung function parameters was found. Using promoter reporter technology, no functional role was identified for any combination of alleles in determining basal transcription levels. Because of the heterogeneous nature of asthma, these association studies need to be replicated in a number of cohorts of different ethnic backgrounds with asthma of different severity. However, the current investigation does not support an important role for these LTC4S promoter polymorphisms in asthma susceptibility in the white population. Such evidence does not preclude the likelihood that polymorphism in LTC4S may predict those asthmatic individuals in whom leukotrienes make a relatively large pathophysiological contribution, nor that knowledge of a patient's genotype at these loci may provide useful information on his/her likely clinical response to leukotriene modifier therapy.
T his randomised, double blind, parallel group, placebo controlled study funded by GlaxoSmithKline assessed treatment with salmeterol, fluticasone, and the combination of these two drugs for 1 year in a total of 1465 patients of whom 1009 completed the study. Pre-bronchodilator FEV 1 was increased by all three treatments compared with placebo (p<0.0063) and by combined treatment with fluticasone and salmeterol compared with the individual drugs and placebo (p<0.0001). All three active treatments resulted in a reduction in the exacerbation frequency, although there was no significant difference between the treatment groups. However, combined treatment significantly reduced breathlessness and the use of reliever medication compared with the other groups. The combined treatment group showed a reduction in night time awakenings and an improvement in St George's Respiratory Questionnaire scores that were significantly greater than in the placebo or salmeterol groups. The treatments were well tolerated with no differences in adverse events except for an increased frequency of oropharyngeal candidosis in the fluticasone (7%) and combination (8%) groups.
This large well designed study clearly shows, as one might intuitively expect, that the combination of two drugs previously shown to benefit lung function, symptoms, and health status results in a significant improvement in lung function and exacerbation frequency and thereby provides a promising treatment for selected patients with COPD.
